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Epac2A Makes a New Impact in p-Cell Biology 
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The high-fat diet (HFD)-fed mouse model of 
obesity-related type 2 diabetes mellitus (T2DM) 
continues to provide new insights concerning the 
molecular basis for pancreatic (3-cell compensa- 
tion under conditions of diet-induced insulin resistance. In 
the new study by Song et al. (1), (3-cell compensation to 
preserve glucose-stimulated insulin secretion (GSIS) under 
conditions of the HFD is shown to be lost in mice in which 
there is a knockout (KO) of Rapgef4, the gene coding for 
a cAMP-regulated guanine nucleotide exchange factor des- 
ignated as Epac2A. These findings obtained with mice fed 
the HFD suggest that Epac2A activators might be of use for 
the treatment of T2DM, or that aberrant Epac2A signaling 
in the (3-cell might predispose to T2DM. 

Protein kinase A (PKA)-independent signaling proper- 
ties of cAMP are mediated by Epac2A in |3-cells, and 
Epac2A acts as a cofactor with PKA in order to mediate 
the potentiation of GSIS by cAMP-elevating hormone 
glucagon-like peptide 1 (GLP-1) (2-5). Since GLP-1 is the 
prototype of a new class of insulin secretagogues for use in 
the treatment of T2DM (6), speculation exists concerning 
what additional roles Epac2A might play in (3-cell biology. 
Song et al. (1) now report that when mice are fed an HFD 

(7) , there exists (3-cell compensation in which Epac2A 
enables GSIS to occur in the absence of administered GLP-1. 
Thus, Epac2A expression in islets is of importance to the 
cAMP-dependent potentiation of GSIS by GLP-1 (Fig. L4), 
while also being of importance to the maintenance of GSIS 
under conditions of an HFD (Fig. LB). These new findings 
concerning Epac2A extend on the prior study of Song et al. 

(8) in which it was demonstrated that cAMP-dependent 
PKA-mediated phosphorylation of soluble N-ethylmaleimide- 
sensitive attachment protein receptor (SNARE) complex- 
associated protein Snapin leads to a potentiation of GSIS 
from islets of mice fed a normal diet. 

In the new study by Song et al. (1), a KO of Epac2A 
disrupts the action of GLP-1 receptor agonist exendin-4 
(Ex-4) to potentiate a glucose-stimulated increase of 
[Ca 2+ ]i in islets of mice fed a normal diet (1). Further- 
more, glucose alone has a reduced ability to stimulate 
an increase of [Ca 2+ ]j in islets of Epac2A KO mice fed the 
HFD. These defects of Ca 2+ handling correlate with a re- 
duction of first-phase GSIS from islets of Epac2A KO mice 
(1). Thus, for the normal diet, Epac2A activation by Ex-4 
reinforces the action of glucose to generate a Ca 2+ signal 
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that triggers first-phase GSIS (Fig. L4). However, under 
conditions of the HFD, Epac2A is instead activated in re- 
sponse to glucose alone, thereby generating a Ca 2+ signal 
that triggers first-phase GSIS (Fig. LB). These findings are 
noteworthy in view of a recent report that glucose has 
little ability to increase levels of [Ca + ]j in human islets of 
T2DM donors (9). Evidently, reduced coupling of glucose 
metabolism to ATP-sensitive K + channel (Katp) closure 
may occur in T2DM, thereby diminishing Ca + influx that 
triggers first-phase GSIS. Since Ex-4 restores first-phase 
GSIS in patients with T2DM (10), this action of Ex-4 might 
be mediated, at least in part, by Epac2A. 

Interplay of PKA and Epac2A is also indicated by the 
new findings of Song et al. (1). For mice in which upreg- 
ulated PKA activity exists because of a KO of PKA regulatory 
subunit la (Aprkarla), GSIS is enhanced under conditions of 
a normal diet or an HFD. When Aprkarla mice are crossed 
with Epac2A KO mice, the resultant Aprkarla/EPAC2A KO 
mice exhibit reduced GSIS under normal and high-fat dietary 
conditions. Thus, Epac2A expression is permissive for PKA- 
stimulated GSIS in these double KO mice (1). Similarly, 
Aprkarla mouse islets show an exaggerated increase of 
[Ca 2+ ]j in response to glucose, and this is reduced in 
Aprkarla/EPAC2A KO mice (1). Collectively, these data 
indicate that interplay of PKA and Epac2A is important to 
cAMP-dependent stimulation of Ca + influx and/or mobi- 
lization in (3-cells. Interestingly, Song et al. also demonstrate 
that Epac2A mediates the action of cAMP to promote as- 
sembly of SNARE proteins VAMP and SNAP-25 (1). Since 
these SNARE proteins mediate Ca 2+ -dependent fusion of 
secretory granules with the plasma membrane, Epac2A also 
controls insulin exocytosis directly. 

How does one explain how Epac2A enables GSIS under 
conditions of the HFD? An explanation is provided by 
one new study demonstrating that glucose metabolism is 
coupled to cAMP production with consequent Epac2A- 
mediated activation of Rapl GTPase in order to stimulate 
insulin secretion (11). Since Rapl mediates cAMP-dependent 
potentiation of "restless newcomer" exocytosis in order to 
potentiate first-phase GSIS in mouse |3-cells (12), glucose- 
dependent activation of Epac2A and Rapl might serve to 
maintain GSIS in mice fed the HFD (Fig. IB). 

Plasticity in the (3-cell cAMP signaling network is a con- 
sequence of the compensatory process in which the rela- 
tive contributions of PKA and Epac2A to GSIS are dictated 
by nutritional status, metabolic demands, and pathophys- 
iological processes that generate insulin resistance (13). 
Betatrophin is a (3-cell trophic factor released from the 
liver under conditions of insulin resistance (14), and its 
existence provides a new paradigm for understanding how 
the HFD induces (3-cell compensation. Potentially, circu- 
lating factors such as betatrophin induce coordinate ex- 
pression of an Epac2A signal transduction "module" 
comprised of Epac2A, Rapl, and a Rapl-regulated phos- 
pholipase C-e (PLCe) (Fig. IB) (15). This signaling module 
is implicated in the control of (3-cell excitability and Ca 2+ 
handling by virtue of its ability to promote glucose-dependent 
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FIG. 1. A: The normal diet. Under the conditions of a normal diet, the KO 
of Epac2A does not disrupt GSIS. However, the action of GLP-1 to po- 
tentiate GSIS and to increase [Ca 2+ ]i is reduced in islets of Epac2A KO 
mice. Epac2A mediates the action of GLP-1 to facilitate glucose-dependent 
closure of K ATP channels, thereby stimulating Ca 2+ influx while also mo- 
bilizing Ca + . These actions of GLP-1 may explain how it restores first- 
phase GSIS in T2DM. B: The high-fat diet. Under conditions of the HFD, 
P-cell compensation occurs so that Epac2A enables GSIS in the absence 
of GLP-1. Thus, a KO of Epac2A may uncouple glucose metabolism from 
cAMP production, Epac2A activation, and Rapl/PLCe activation. Depol., 
depolarizaton; ER, endoplasmic reticulum; Glut, glucose transporter; 
IP3R, inositol trisphosphate; RasGEF, Ras guanine nucleotide exchange 
factor; RYE, ryanodine receptors; Metab., metabolism; TMAC, trans- 
membrane adenylyl cyclase; VDCC, voltage-dependent Ca 2+ channel. 

closure of K ATP channels, to stimulate Ca 2+ influx, and to 
mobilize Ca 2+ (15). In fact, a KO of PLCe uncouples Epac2A 
activation from the stimulation of insulin secretion (16). 

Finally, it should be noted that insulin tolerance tests reveal 
that Epac2A KO mice have increased insulin sensitivity (1). 
Thus, glucose tolerance is relatively undisturbed in Epac2A 
KO mice fed a normal diet or an HFD. Since the Epac2A KO 
mice tested by Song et al. are whole-body KOs (12), there 
exists a clear rationale to repeat these studies of gluco- 
regulation using (3-cell-specinc Epac2A KO mice in which 



a confounding increase of insulin sensitivity might not 
occur. 



ADDENDUM 

While this article was in proof, it was reported by Kai et al. 
that an alternative isoform of Epac designated as Epacl 
also plays a role in the control of (3-cell function. 

Kai AK, Lam AK, Chen Y, et al. Exchange protein acti- 
vated by cAMP 1 (Epacl)-deficient mice develop p-cell 
dysfunction and metabolic syndrome. FASEB J. 27 June 
2013 [Epub ahead of print] 
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